DNA synthesis on a damaged template requires tolerant DNA polymerases. Crystallographic analysis has captured a Y-family polymerase synthesizing across an abasic site, providing insight into the mechanisms of DNA damage tolerance and mutation.
Bypassing such lesions requires specialists that provide tolerance to aberrant DNA structures and creativity in interpreting non-instructive lesions. For this reason, evolution has created the Y-family of DNA polymerases, the most prominent member of which is polymerase η η, defective in humans with xeroderma pigmentosum variant (XP-V) [8] . Y-polymerases are characterized by a distributive mode of action, a high error rate when replicating non-damaged DNA and an ability to synthesize DNA across and past a variety of template lesions [9] . In addition to the universal thumb, palm and finger domains, they have a unique carboxyterminal domain, their 'little finger' [10, 11] . The palm and finger domains form a spacious active site, accommodating the DNA substrate through a few, largely nonspecific contacts. The thumb and little finger domains grip the duplex portion of the DNA from the minor and major groove sides, respectively. Together, the open active site geometry and a relaxed dependency on specific DNA interactions result in the ability of these polymerases to tolerate DNA substrate distortions at or beyond the active site [10] [11] [12] [13] [14] .
Recent crystallographic work by Ling et al. [15] shows the archaeal Y-polymerase Dpo4 traversing an abasic site. A series of three-dimensional structures depicts a sequence of enzyme-DNA configurations which, together, compose a dynamic view on the translesion synthesis process. Translesion synthesis starts with the incorporation of a nucleotide across from a template lesion. This situation is captured in a crystal, revealing that the polymerase does all it can to avoid the awkward task of matching a partner to the faceless abasic site: it distorts the template strand and loops out the lesion into the open space between the finger and the little finger domains, which allows the incoming nucleotide to form a Watson-Crick base pair with the base 5′ ′ to the abasic site. This structure illustrates beautifully how the open active site geometry of this Y-polymerase facilitates instructed DNA synthesis across a truly non-instructive lesion.
Exactly how the polymerase then accomplishes extension of the newly generated primer terminus is captured in two more structures. These show that, depending on whether the abasic site maintains an extrahelical configuration or not, the outcome can be a -1 frameshift mutation or a base substitution, respectively ( Figure 1 ). The latter can occur because the generous spatial design of the active site facilitates realignment of the DNA strands, which can result in the translocation of the newly incorporated nucleotide opposite the abasic site in the template strand. In either case, efficient extension of the primer terminus requires the active site be resistant to inactivation by DNA distortions. Such steric inactivation is precisely what helps high-fidelity polymerases avoid infidelity. These enzymes use the mobile finger to toggle between the active and inactive states, depending on whether or not the DNA substrate is perfectly base-paired with a smooth minor groove surface [16] . Such fidelity checking seems of little use if template DNA lesions need to be bypassed, which may explain why the fingers of Ypolymerases are stubby and stiff, and maintain an active conformation irrespective of the DNA structure in the active site [10, 11] .
The template realignment mechanism predicts a specific spectrum of base substitutions induced at abasic sites, reflecting the use of the 5′ ′ neighbouring base to instruct DNA synthesis. Does this '5′ ′-rule' put the famous 'A-rule' out of business [17] ? Unlikely, as there is abundant supporting evidence for the A-rule. Also, Dpo4 was reported preferentially to incorporate A opposite an abasic site [18] , and two more structures presented by Ling et al. [15] testify to the possibility of Dpo4 inserting a non-templated A opposite an abasic site. There thus remains some uncertainty as to whether the A-rule or the 5′ ′-rule apply, but this should be resolved by a few more structural snapshots.
Lastly, a word about the little finger. A non-productive ternary complex of Dpo4 with DNA substrate and dideoxy-ATP captured the little finger rotated towards the finger domain by 56°. This closes the entry channel of the template strand, forcing it into a distorted conformation. The rotation also shifts the little finger away from the major groove of the DNA duplex region, reducing the overall contact surface between Dpo4 and the DNA. This moving of 'fingers' is rather reminiscent of the 'induced-fit' mechanism of high-fidelity polymerases, although in that case it is the finger domain that moves. In both cases, however, the conformational change modulates the polymerase activity in a DNAsubstrate-dependent manner. A perfect fit of the replicating base pair is not critical for translesion synthesis, but gripping the duplex portion of the DNA substrate might well be, facilitating optimal DNA substrate alignment and orientation for catalysis. Thus, instead of an 'induced-fit' mechanism for fidelity checking, the Ypolymerases might employ an 'induced-grip' strategy 
A P P P C P P P A P P P A P P P A P P P C P P P C P P P C P P P T P P P T P P P A A P P P C P P P Current Biology to provide for flexible template-primer positioning in their active site. Could it then be that the structure of the non-productive Dpo4-DNA complex indicates the end of tolerance?
It is amazing to watch translesion synthesis polymerases making mutations! In the light of such beautiful work, however, we must not forget that translesion synthesis in cells is a complex process, accomplished by the concerted action of multiple DNA polymerases and a large entourage of auxiliary proteins. Unravelling the underlying mechanisms of coordination will be a fascinating task and keep our little fingers busy.
